To assess the reliability of fluorescence meth ods for a quantitative staining of brain capillaries, three different immunohistochemical fluorescent markers were used in the rat brain. Staining of the basement membrane by antibodies directed against fibronectin was compared, in the same brain section, with simultaneous staining of the vascular endothelium constituents nonmuscle myosin or von Willebrand factor (factor VIII). These stainings all resulted in identical patterns, which demonstrates their suitability for capillary staining in the brain. It has been
In a previous study (Gobel et aI., 1990) , we have postulated a continuous perfusion of all capillaries in the brains of conscious rats. The fluorescent mi croscopical method as used in this study has been criticized since higher capillary counts were mea sured than have been reported by groups that used light microscopical histochemical methods (Weiss, 1989; Kikano et aI., 1989; Anwar et aI., 1990) . The discrepancy was ascribed to the fixation procedure employed in our experiments, which "causes changes in the FITC label which may cause clump ing or movement to noncapillary areas" (Weiss, 1988) . It was the aim of the present study to validate the use of fluorescent markers of brain capillaries and to exclude the possibility of artifacts caused by the staining procedure.
claimed that fixation of the tissue results in the appear ance of spurious capillary spots. Such a fixation artifact could be excluded using nonmuscle myosin staining. These results validate the methods of quantitative fluo rescent microscopical staining of capillary morphology in the brain and therefore support our concept of a contin uous perfusion of all capillaries in the brains of conscious rats. Key Words: Brain capillaries-Capillary perfusion Fibronectin-Indirect immunofluorescence-Nonmuscle myosin-von Wille brand factor.
Double staining of capillary morphology
After decapitation, the brains of nine rats were pro cessed as described previously (Gobel et aI., 1990, Method 3) . Fixation in pure acetone was performed for 30 s. The sections were overlaid with 70 j.Ll of the first of four antibodies (AI or Bl), and then they were incubated in a humid chamber at room temperature for 30 min. There after, the sections were washed three times in phosphate buffered saline (PBS) for 5 min. The margins were wiped dry, and the sections were overlaid with the second an tibody (A2 or B2). This procedure was repeated twice (A3 or B3, A4 or B4). The following sequence (1-4) of the staining steps yielded the best results and was therefore employed in series A or B: Means of capillary counts obtained from 10 brain structures.
B. Double staining of nonmusc1e myosin and human fi bronectin 1. Polyc1onal anti-nonmusc1e myosin antibody raised in rabbits from human platelet myosin (code 14-143-0047; Paesel, Frankfurt a.M., F.R.G.), diluted 1: 12.5 in PBS 2. Polyc1onal anti-human fibronectin antibody devel oped in goat (code 1301-0831; Cappel, West Chester, PA, U.S.A.), diluted 1:100 in PBS 3. TRITC-coupled polyc1onal anti-rabbit immuno globulin antibody, as described in staining proce dure A 4. DT AF -coupled polyc1onal anti-goat immunoglob ulin antibody, as described in A After completion of the staining procedure, the sec tions were coated with a coverslip, observed under oil immersion, and proc e ssed as described previously (Gobel et aI., 1990) . The 10 brain structures investigated are iden tical to those of the previous investigation (Gobel et aI., 1990) .
Influence o f fixation procedure on capillary counts
Sections obtained from six brains were prepared as de scribed previously (Gobel et aI., 1990 ) and stained with out prior fixation as described above. Anti-nonmusc1e myosin antibody from rabbit was taken as primary anti body, TRITe-coupled polyc1onal anti-rabbit antibody ob tained from mouse as secondary antibody. The stained sections were observed without coverslips using PBS as an immersion medium and photographed with a x 25 ob jective by fluorescent microscopy under the incident light specific for TRITe. The x-y coordinates of the mechani cal stage were exactly documented. Then the sections were fixed with acetone at -21 °C for 2 min. They were allowed to gently rehydrate in a humid chamber for 48 h. Subsequently the sections were covered again with PBS and observed by fluorescent microscopy as described above. The areas that had previously been photographed in the unfixed state were relocated by the documented x-y coordinates of the mechanical stage and photographed. Capillary densities were estimated as described previ ously (Gobel et aI., 1990) in the auditory cortex, the su perior colliculus, and the medial geniculate. Figure 1 shows examples of photographs of the capillary morphology obtained after fluorescent double staining of von Wille brand factor (factor VIII) and fibronectin. The remarkable congruence of both capillary stainings is evident.
RESULTS

Comparison o f di ff erent markers o f capillary morphology
Influence of acetone fixation on capillary counts
The potential effect of the fixation procedure on the capillary counts was investigated in the same brain sections before and after acetone fixation. The results of this series of experiments are in cluded in Table 2 . It is evident that the fixation procedure did not alter the capillary pattern. A pho tograph representative for this finding is shown in Fig. 2 .
DISCUSSION
The results of the present study establish several fluorescent antibody staining procedures as quanti tative markers of capillary morphology in the brain. Alleged artifacts exerted by the fixation procedure can now be excluded.
Up to now the prevailing method to determine the anatomic capillary density in the brain has been the light microscopical alkaline phosphatase stain (Weiss et aI., 1982; Weiss, 1988; Borowski and Col lins, 1989; Kikano et aI., 1989; Anwar et aI., 1990) . This method has been criticized because of an in homogeneous staining of capillaries that is particu larly poor on the venous side (Laursen and Diemer, 1977; Loida, 1979; Grim and Carlson, 1990) . This may explain why capillary counts obtained by the alkaline phosphatase method were lower than those achieved by the fluorescent antibody method as used by our group. On the other hand, the discrep ancy between the results of both methods could I I 50IJm
FIG. 1. Photomicrograph showing fluorescent double staining of morphologically existing capillaries. In both pictures the same area of a brain section obtained from the superior colliculus is shown. Left: Capillaries were stained by a primary exposure of the brain sections to antibodies directed against the endothelium constituent von Willebrand factor (factor VIII); these antibodies were made visible by a secondary exposure of the brain sections to anti-antibodies directed against the von Willebrand factor antibody and coupled to TRITC. Right: Capillaries were stained by antibodies directed against the basement membrane con stituent fibronectin, which were visualized by anti-antibodies directed against the fibronectin antibody and coupled to FITC. The congruence of both morphological stains is evident. For abbreviations see the text. Staining performed without previous fixa tion. Bottom: The same area after fixation in acetone for 2 min. The fixation procedure did not alter the capillary pattern. Neither shrink age of tissue nor fragmentation of capillaries can be observed after fixation. also be due to spurious capillary counts obtained by tissue fixation as claimed by Weiss (1988) and An war et ai. (1990) . For the morphological staining of capillaries by means of fibronectin or von Wille brand factor, fixation of the brain tissue is indis pensable. We were able to examine a potential in fluence of the fixation procedure on the tissue after we had discovered that antibody staining of non muscle myosin is feasible in unfixed as well as in fixed sections. Neither fragmentation of capillary structures nor tissue shrinkage could be observed. False-positive or -negative vascular spots caused by the fixation procedure could thus be excluded.
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Besides the fixation procedure, the specificity of the fibronectin staining for capillary structures in the brain might be questioned, since fibronectin has been found in the central nervous system both in the basement membranes of blood vessels (Laurie et aI., 1983) and in the leptomeninges (Schachner et aI. , 1978; Minier et aI., 1981) . Therefore, the capil lary patterns obtained by the fibronectin method were compared with those of two other capillary markers, von Willebrand factor (factor VIII) and nonmuscle myosin. von Willebrand factor has been recognized as a constituent of endothelial cells in cell cultures (Jaffe et aI., 1973) . It is widely used and accepted as a specific marker of endothelial cells. The differential intracellular location of von Wille brand factor and extracellular location of fibronec tin have been confirmed by Giddings et ai. (1986) . In the present study a high congruence between the staining of extracellular fibronectin and of intracel lular von Willebrand factor was observed in brain sections, which argues against artifacts generated by either method. Our conclusion of a complete staining of capillaries in the brain is supported by our additional results of the nonmuscle myosin staining. Nonmuscle myosin is accepted as a com ponent of endothelial cells (Benzonana et aI., 1988) . The congruence between all three antibody meth ods confirms the validity of each staining procedure for the detection of capillary walls in the brain.
In conclusion, the present results demonstrate that several antibody stainings of capillary morphol ogy in conjunction with fluorescent microscopy J Cereb Blood Flow Metab, Vol. 12, No. 2, 1992 After fixation brain sections investigated (lmm3) investigated (mm2) 426 (+ 1.1%) 67 11.65 yield a high degree of sensitivity and specificity. This supports our previous conclusion (Gobel et aI., 1990 ) that all capillaries are perfused under normal conditions in the brains of conscious rats.
